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€■ ^3*, 97% $X*= #^S. A i sp 2 

ol -a^c( Hybridiza tion) ^£-3- ^bMl^l ^^(Carbo hexagonal 

planed *\*#SL3. -fr^ 3**8 ^ ^ 

^^^^ 7137} 0.3360 q-^l^l iflx|fe 0.3700v+2t«lBl* 
t^^j 3- 7l7 > 4^1^- 1.5 i+ic.nl^ oltf)^ i^HWl 

(Aspect ratio: ^-fr«<>l/^^)7> 10<>1^ 4J-fH** . -8**1*41 

7> 5 t+i=.*13 o] ^-50014^1 B](nm) *Hfc M-^^ 27fl7> 

^ ^tJJ^ ^ O-Aj- ^iS^ 27fl^ <3^-^ #£.3. 3#«H 

^ ^ A] 17^ $^* r 7} 27flS. ^3-2.3. -g-fr* # 
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ii^wi *m#jL i 

^A>^ ^nl^ A>^1 

[JL^^l 33 
[SL3*fl-8-l 

#^3>H sp 2 *H«-^ ^(Hybridization) ^-£-3. 

(Carbon hexagonal planed ^a}^ ^# 

Ai^|^^ «f3tb ^^^^ ^e)7> 0.3360 ^*1tt 0.3700^-^1 

Bll- ^"j-Tgo} a^S) 3.7}7\ ^^tr 4^°1# 1-5 *] 
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2003/10/25 



xJ\v\, (Aspect ratio: ^^)7> 10°)^°) , 

^-fr^ 5^*1^ 500M-lc*lBl (nm) *l^-ir *M 



q-ii^dti (Filamentous nano-carbon) , Ih^ M^sM^ (Carbon 
nanofiber or Graphite nanofiber) * **** ^fli 

£ *&SHi € Stt M€ ^ A >-§-*H 540 

£ 80051^ ^S^H ^5]f^ A|Aj^ ^o.o^ ^cl7> 1 PlHS 

o.Aj- 03^ ^ ^*>£4;(*1^*H,565,683) IE^t 

^. 0 -l5|lEj^-7^Bl^^l^t|l^^^lA>(Hyperion Catalytic International Inc.)^ ^W^l 
^ Hl» «^ StM^I^R 62-5000943) <M A%- Q^^* ^ ^^r^ 

^2-0} l^sH^M ^>c^ aj o.^ ^o.3L «lj^>^ ^-fr^ ifl^l 

^(^o) 31^ 5 ^°lEi)« *l\d 8 ^*l^f 15# 

ol-o)^l o.^ 10 ifl*]^ 15 *]M^r ^M-^y* «> fl**. 

500£oflAi 70051 A>o]oi ^5.^Ai ^r^^» <l€r*n*H 3-^°) 50 ~ 800 m 2 /g^ 
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fr^ <a*>: 2003/10/25 



^-S^: «>553l^-. (Boehm, Carbon, 11, 583 (1973), 
H.Murayama.T.Maeda, Nature, 245. 791. Rodriguez, N.M. 1993. J. Mater. Res. 8: 
3233) ). 

°1 0.7-5 ^v+Jtfi-ttfc ^-fr^°l 2.5-50 M-i^Bj ^J£# *HjI ^ 

H t*20 ^ ^-JHHl tf)*H ^^§tb 3*>» *H3I ^2 (^H^s ^ afl^ 
"T^S , Rodriguez, N.M. 1993. 
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^ 2003/10/25 



/. Mater. Res. 8: 3233))» $X°.v\ , ^-fr^l ifl^ofl u|-^ti.^ ^ ^-w.^ 

JL %, i]*, S^H ^ VIB ^o} ^nflSL AV-g-SH o^^v^^ ^ 

i^-^^m *\^3L 9 

^M-^W.7> 7>^]^ M-it 4^*1^ 3.711- ^ «H 

^ -§--§-, ofl^- #^ #51^ £S (ITO tflSfl £S) ^ 4^"^ 

°l-§-*M 40 - 63 ^W^r 3 0 V3Sl €*r» fSt}Sl4 (<« # 

^ Pi ^-s.^ 6, 159,538) -g^*} §^ 3*cH 3*fl *fl^ol &#<>1 H-^ 

xIjl (afl-g- ^ n]^- ^ui^A^ iLjiA| ; Herringbone^^] 7>^-u|-^s{.o] ^ <q. 

%^3-§- °l-§-tb ol^dbf-^^; DOE Report, IEA Task 12: Metal Hidride and 
carbon for Hydrogen Storage 2001, Project No. C-3 Leader: Richard Chahine 
(Canada), Assessment of Hydrogen Storage on Different Carbons). #71-2} 

3 4^* ^ Sife 9X^ %-§r £.51 H>}<%^. (<i» R. Stroebel 
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2003/10/25 



et al. J. Power Sources, 84, (1999), 221). ^i^sM^s} ja^^H^ 

UL^tfl^g-^-] ^ii^is ii 

1 ^ 2 ^ 1 °1H q-n]^ ^-fttJ" M-ir.^:^^ -H-grSfl^ 

o] ^stb 27fl ^ u}-^o]^ #0.5. °]^f-<H*l ^-n-^^^ ^-fH§3lS *1 

\i 27fl^ uf-i^Mtf|7r -^-n-^ W A^ H 

^Sr€ I7fl^l ^^M^ A^3- <£ ^ $X^. 27fl^ ^sj-o]^^- # 

3L<>\ <y*K><3 ^ ^ 3i|-o-|s.^6)l o^tfl =-t3>$-s> IJjI ^€ 

<*1 uj-^cl^^ ^Efll- ^^51 SX^-. ^ 2^ Qo) 27fl^ ^-fj-<>} 5-^ 

<£ ^ 5^ ^A]«m lb)] 27fl£| q-^sMtH ^-o^ ol^-<H^i ^-B-^-l^i^ 

Bhfc^r 5§-g- 100-200 M^n]^ ^^"i: ^2 21°-^, ^ ^51^ t^SM 

£ ^^-z}-^6) Tg^>7l^7> 0.3363 M-^lE^ ^ ^-^^-S* *1^-|: 4= 

^21 ##13 (Edge planes H t^* M-i^M^-i: 
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[Ji^tfl^s.] ^t^Ji 12 

3E.^ loll M-^-'d &o] i 2 7fl^ ^Wtfi 

^ € # n 11^^>7> 27fl^ 

^€ 27fl^ ^M-^ol ttl7> <#:M ^Ht^ * ^ S^ofl ^3 

^4x7> *§^£)fe- ^^t}. ^1271)^ i+i-sH^ f o S ol^^l ^ o.^- 

v+^^fe ^r^^Sr ^lqji sa^, #5=3 5=S, "S3, s^^n, 4^" 

7fl^ *\}3=.o\} -%--%-<>} 7>^H, ^-§-^ ^1, 

€^7fl, #7H^# 7M*1^ ^^fli^^ A>-§-Ol 7}tfl^rf. 

[^tfl^v^-] ^^wiJ: 14 

^ ^MS^RS. aflaS:^. °1*> ^-7l^)27flfi1 M^sM*! ^-0.5. cl^^l ^o. 
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<&A- 2003/10/25 



[Ji^tfl^s-] *\%^.3L 15 

^tiV^ o g ^nfl^o] ^ ^-4p§- #*f|4H frSHH? ^^-S.^ 

^ ©l^rS^hS ^ofl ajSfl ^^£|7fl °1€ M^^r ^S^^l «fl3>1fe 

sa^, ^3 ° g ^h-^h^ -a-M ^-B-^-i: ^ 

^7<khh #ai# ^Tq-SMq-, 2800£ fc*l3H ^1«fl aiM^M*! 

E,g ^ ^bflAi #3*1 *f|7i*Rr <H3£ $2-3- & 

^ #3©] 54 <&4t^sl3. W^v^s. ^^7V ^-°.JL tM^^M A S 
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[i^wi q^s. i6 

Bj-ol^-g. ^IS^fe 7^ <3^Rr 43°1H, WV^O] 

€■ ^HHIS. A}-g-^ t avtfls. ^51 a^oJH ^-71^ 7>i^ ^.3. 7^ 
M^. # #Bl«.€^r t^HH € ^Hl^r^ uLS-Sr-g- 

*}£S^ €#^7V 5-500 M-ic^E^ 3.7) 1*]- ^H^XM-Si ^H^" -fr^ ^ , *8 

fAS o^o^ ^0.14 ^-Jl^o) ^*>zl ^W^l ^q-in^o] hi ^-B-^^ 

Hj^ofl X ]tJ|^ %<$x}d\ <g*y (First Segregation) *] €^^> 
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13*1-: 2003/10/25 



[a^tflWl ±\^3L 17 

o] ^^fe ^^sKl^o} Trials. 80q-ic^lB) uj ti l7> 

*M -B-^m ^^HM, °M|Hv|€ ^ 6 H1B1 

^.g-ofl^. *0a*H ^^"M ^-§-^ #£r*(H H^SH 

^S-^-i-^H^S.^^ 0 !^. S-^r 7}^. 

^ «9-2.q^-*H^-^V^l°lH *H>l*]-7l Jfl«H 505. 

^Jff-^S. 2^ 13 >fla?^: 3s ^£S7]# A}-g-*H 80S.O1H 8*12: 

A]tJ ^2:tt 3*L#* 7>^S.» A}-&«H ^*1 400 

S.<HH 2~10 A) # Xj;^e|*H ^>5)-#^ ^2:^. *\]&& 

5*H3%<HH 30*113% ^- ^ SE^ ^f-^1 7}i» aHJ-«H 450£ 

^*1550£. o]^> i^t} y>^-^j^]-7l^ 4505. ^#1 5105. ■&5.^)^\ 

30^-ifl^l^ 12^2: :&«SH ^r€t!r 

^ufl^ s.» ^zj-ijV ^ i~5 ^3 %4] a>^7> ^-R-^ °>^-? SE 

^ ^#7>^ ^7l^HUi 30^1# ^sK^S 1 ^ ^ #s|-)*le]» 

^ ^ ^fls. a}-§-^c]-. ^71^ ^-^HH ^^€^1 ^ ^ 



10020063641 



#3 2003/10/25 



€AM 10/0-1/9, J£t* *>7]^ 9/1-2/8^ wl^o] ^t*. ^■fr-gr*) 

^m>S- 50% ^€ 2 7flS} uj-^sM^ #0.3. o^o^ ^-fi-^M"^ 

^^1«l7} lOO^^l^ o]^-ol^ sg^S. 2 7fl^ M-^ol^ 

[Ji^tfl^s.] 18 

4 ^ zj-z^- 450 - 510JE, 30^:~12Al^ ^7} w> 

[Ji^tfl^s.] ^^2: 19 

L>±3^-§-] 

^^7]- 45051 «:€*1?M 30-& ^l 1 ?]:^ ^ 

§1 ^51^1 #"fl7> ^ v+Bfifl^l *| M"^^, 

^££.7} 5105L 0)^-0) JL^o)7]xJ\- 12A\&°W& 1^3-2-S. ^i«Hl £\ 
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#^ 2003/10/25 



[Ji^tfl^-^-] ^^Tfla. 20 

"a^Vsj-^^ ^<ij ^^-7>^i- rg^ zi^ ^ 0.5-30 seem 5/95^ cc 

HO, ^ »V^*>7lfe 1-10 seeing- 3E.^^^ ^3*1# ^*H27fls1 ^+ 

20-80 *fl3 %7> w>^*H, <l*i3 ^rSL^r ^^1 5005.^1 >H 700£7> 

^3 2^-^H 12*1 &t\. 20f^ 4*1 &<>] 3 

^-Sj-rf. i£tgcq ^UHofl/.-] w>sq- £o"| ^nfl i^a) 20%^ 

^-M-^hdi ^7>^» 3.3sccm 2^1 ?i ^ ^-t-, 4^ 

Cfeq-, #n]] ^ofl tflSfl M-iilBi7} 4«lHH 120Wfl^ al^-irS. *l]2:*Kr 3? 

°1 7}^>5|o.^, 8^m 3>-§-°lH 2^m «H-<31 ^ 3*1) <>l-tf^ ^-§;S.27fl^ M-i^iM 

[^tfl^j-s.] ^l^iJ: 21 

^d\) cq^H 27fl^ u)-^2>oly] #6.3. o]-f-o^ ^-H-W^^^- 
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90~ 4551^ 2J\E3. n<g% ^S* M-^'5S4. ***£7> ^#170051 J±t* 3. 

^-£H£^ 6>\d ^^sM#°l ^358^, ^-§-^£7]- 5005. ^WH^r 

3)^.3. rjL^ ^.^s. o]j^o]& ^^^o)v] 7 \ tg^^c}.. 30^- o] 

°1 ^7>*M #59;t*. 
[Jt^tfl-*W1 ^€^51 22 

*fl3^ € ^ €31 ^ <M °a^%=^r tf D 14 ^ J±H ^ #511 

oiH ^1 3i = 7ll 3-*W?l ^, ^s^dta* ^ai s.^-7>^» i ^el zl 
^ ^ 0.5-30 seem 3^93 cc^=) Jit* ^^1^ 1~10 sccm-i: S.«S^ 

>H ^3*m t*)^* ^Ml 'S-fHJ- M-^^* ^stb^-. 

23 

o] nfl ^^-7>^^1^ ^dbSl 0~25 %7> wHJ-ZjSH, «g^sl 

500£.<*H*i 7005=, Jit* wV^^>7l^ #"fl^ ^-M^r -8*] 5605= >H ^ 

*1 6505= 7>, ^7)1 ^ ^-Mfe 5405= *IH 6305L7} v}^^. 
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Ui3 tfl^HNH ^#5- 24 

V\7\)°)& 331 *l 5 d €^H1 3*f| ^r<a*Kr 1^-3*1 ^ 

w>^-^£7]- 650^1^-^1 AflZL^|7f|ol^ S)o1 nl^^- E)<H^1 #^#^r <g 

oi^-o.^. ^tj.. it^Hfe (l) %^ € ntBs. 

^-8- <>l-§-*H ^-^ €^^5. 1*> ^ X)*l ^ (2) t^^H I7fl 

^ € #*fl ^^>7> 27flS -g:^^. 7]^]7\] «H 27fl^ ^^V7> TleH^ 

a^r sKIST^ofl ^^*>^ ^-B-^ S-o] 5- 50014^]^^ 2 7fl^ uj-i^ 

I^tfl^-sj-^-] ^ if «i J: 25 



^ 12Al#, v}^^}7}^ 2Al^>oflA-l 4Al^>ol 3^-*>ch <£^°\)x\ 

S.^m w>sf l^e) ZL^tg- ^.g-oj- 20%^ ^aV^eJ-^ ^7l-^# 3.3sccm 



[J±3^-§-l 
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#^ 2003/10/25 



# q-^^7> 4tifl o]^- ^-ooj) T^aM^r 120tifl 3.^3. *\}2if>}^ ?H 7 y=- 
■&}$t2-^, 8^m *}-§-«lH 3^m o^3»fl <>1^ ^-irS. 27fl^ t^sM^ #o_ 

[^tfl^s.] ^^Jl 26 

# M-ii^db^ 5-500 M-^lB) ^ ^-sr] SLc^^-i- SX°JE.3l, 

S.#7fl, ^Tfl, JL^i^CI, ^71) ^elS-H ^>-§-7>^§H, ^#o] 

* r €*l^ ^jfl £ SL^T-fl, ^7] n^)K\£\ #^3., <£5-*I*l ^ -H-7i 

-g-517} 7ltfl^c)-. 
[iL^tfl^^-] ^^Jl 29 

^-frtf ^]2*>7l tq-^ ^-^^ ^}5$cf. $4^1* o]-g-£|- 

<2)-sa]-;*i1 l^-, Iron(ffl) nitrate nonahydrate Fe(N0 3 ) 3 - 9H 2 0 = 

404.00 (99%, Wako), mp 35-40^, d 1.684, sol in water, ethanol, acetone) 36H# 
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♦ -g-^fl^m 3s «fi7}*| ^-S.v|^H^5.7>iv1lolH (a]^ l^-, 
Ammonium hydrocarboriate; NH4HCO3, fMM<*l-*f|)-I- ^H^x}. aflst!: ^-SUiH 

s» <^*h a^ig- ^ t:^ ^^s. 22), oIIe}^ is] AflajsH <£s.q-°r 

5$^. ^^l^l IS x^x£°l=10x2.5xl.5 / mm (-S^iJt) ) 

oil ^ 4.5cm^ vfl^-l: q^Qjog, 0)^0] ^\ ^5%^ ^^-oji ^.j7 ^ 7l€ . 

100 seem ^^l400iEoflA| 5*1# ^>^s)*>^ ^ ^>5>#^- *\}^}<%t±. € 

^r^-l-^r 5.i4H ^.tfls. ^ 5]] 30^-# ^7l# -RrXlt!- ^4 «^ ^7> 

i lOOsccm *>-§-SH (^h ^-^ : 20%) 5003EoflA-l 20*1 ^^3* *8«H ^ #*fl 

♦ 5.02 n^- »is-s>5|tq.. ^ ^tt ^flfe #£r°lH ^.^}7l ^J^H ^7H1^ 
^■^AS x^zl-Al^l ^ 5 %oi x^s. ^-§-^7>^ lOOsccm* *b1^a) 

[i^cfl^s.] *\ig#3L 30 

^-71 afls^r #ufl 30mg * 4.5cm^ *1\1 ^#^1 ^f, 

#*1] a1 4*33.* A}-g-^ol i^§-o} ^^-71-i lOOsccmC^^ 20 

Sfl^ %)# *5l^A-l SOOJSL^H 2Al^> ^^211- WSS^. £4)$. ^nfl Aj-ofl 

<+Sl-^S!f ^7}^ 200sccm (^^rU 20 ^^*\ 620^°\)*\ 1*) 

♦ *3*H d^j^ (721 mg)Sl 2 7fl^ i^sM^ ^-0.5. ol^-ol^l ^^14^ 
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all 2:3: 2 7fl5l M-^o]^ ^o.S ^l^M^l ^-B-^M-i=-^:i.90mgoll lOmg^f $.it 
^3--^ ^7Hb ^, e^H^}*)] ^ <^*l Sl^^l (Rigaku Geigerflex D 

(CuK a*. 40KV, 30mA, ^3^) )» >WH5 0 «IH 90 o 7H^ S^-i: <i*H 3 

^sfl^-S- t 2 -^, ^ ^W^f-aW?^; -S-fiJ^M ^7li ^ *|, 

W ^tfl^A}, 1983^)* ^ ^#^3 

(doo2) ^ (Lc002) » S. l°fl 4^5514. 5113: *H^(N 2 

BET) ^^-i: °1» ^^ 0 H°1^1 (MJH)-^AS. 7^]^ <3 

iJi^tfl^-^] ^^iJi 32 

♦ ^7] £]*H, ^a>^ ^Hi^Ueol, JSM 6700) ^ 

(Jeol, JEM 200EX)3 *8*H a}*1* 2.^1 £ 5^ 2^ uJ-lM&th *)1 

2tb 2 7fl^ uj-^sj-ol^ ^o.s. ol^c^^l ^-H-^-M-^^dh^ ^-B-^ HfrlMI *fl*H 90 
£ vfl^l 60£^ ^a};*) ^0.5. ^zj-^ol afl^Kn. flfe #5)HHiM]= ^2 

# ^Ivl >8-R- 2 7fl7> 2 7fl£) 4^3M^ oi^^i o)^ 
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^ °1# ^^£4. ^% ^tt ^ ^ 144 nm» ^^\SX^. 

[^tfl^s-] ^^^s 33 



^Bfl» q-E)-^ ofl^^HHl (Aspect ratio)^ 20 o]^^. oj. ^ 

[JSL3^-§-] 

^A]ofl 2 

[^tfl^s.] ^^t«iJ: 35 
[S-3^1 33 
[iL3*fl-§-] 

^-fi--tf M-ii^l- ^2:^>7] *=h§-£) -M* WSi 1 ^. l^ «^ 

^12:^ €4 u|^(^/^^ 5/5)0} ^ a^fls. 



[J±3^-§-l 



30-19 



^^20020063641 M 2003/10/25 

M m, Iron(in) nitrate nonahydrate Fe(N0 3 )3- 9H 2 0 = 404.00 (99%, Wako), mp 35- 
40T:, d 1.684, sol. in water, ethanol, acetone) 18.0g4 ^3.*}*) ^aH^ 
(Nickel (H) nitrate hexahydrate Ni (N0 3 ) 2 - 6H 2 0 = 290.79 (98%, Wako), mp 56.71C, 
d 2.05, bp 137, sol. in 0.4 part water, in alcohol, Ni content 20.19% (Nickel Ni 
= 58.71) 12.9g^r ^^Hr 200ml ^ 7>*"M -§-*fl*m ^ , ^ A 3* 
-g--5-}o] JE-S^K^^l °] B. (a]£J= lia, Ammonium hydrocarbonate; NH4HCO3, 

$7wsath ^k^h^-* ^*r*H <*\^& ^ cJ£ f^rS. 2^, 

<m ^ soil: -Man 8^m ^aa^sa^. #^tb ^*n^ ^ 

x^x 3H =10x2. 5x1. 5 / mm( ) *H ^ 4.5cm^ ^<3^°_ 

=L °l-¥-<H*l ^3§s.o^ f^Vofl ^31 *7l* 100 seem -^HOOS^H 5A]# ^ 

*M-§"i: *l]Si5^t}. 3.tfl=L ^- 5fl 30 

«-^7ll- -fi-*|tt ^ ^r^i^- HiM ^t^r^ lOOsccm ^ *r-§-*}°} (^r^ 
: 20%) 500£4H 20Al^> «^e)« €"M€(€/^i^: 5/5) #*fl» 

4.9 =L& *)1^*>5*4. #^fl^ ^-^>7l *|*M m# *fl7H*l AJ-^ 

_o =L ^z^-Al^l ^ 5 ^^^-7>Ai lOOsccm^: 30^-# 
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#^ 2003/10/25 



D^^Wl q^S. 36 

<#7] #*fl 30mg^r 4.5cra^ ifl^-a- *l\d ^<8«^ ^#^<f| ^, 

#*fl a}-^ A}-g-^><^| ^#2} ^^-7]-^ lOOsccmC^r^'g- 20 

Sj-^sif ^7}^ 200sccm (^if 0 ^ 20 *^^ A i 600£^l A i 1 

aR> «8*H (445 mg)^ 27fl^ q-^sM^ ^-o_S o]^-6]^ aj o.^-^ 

[^.^tfl^s.] -^^J: 37 
UL3^-§-l 

^2:^: 90mg°fl 10mg^ ^7>tb 

^tg 33L3-*I (Rigaku Geigerflex E(CuK aB, 40KV, 30mA, Stepwise 

Method) )♦ a}^^5°1^ 90 o ^lSl 3?a<a* ^ul, ^ 3 Si-Si* 
*te&$-£\W±&.T2M ^7}SL ^ ^^-H-, 1^ ^3, 1983\l)^r 

o)$.-s}d\ ^^^^ ^#7] 3 (d 00 2)^ (Lc002) » 5. 

M-^tfl^cf. ^ ti}o]BKN 2 BET) ^^.5. ^^-i- ^tb ^ 6 lt 

(Dubinin)-*] ^S. Tfl^ wla^*}* S. 1^1 33*>£ c ]-. 
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» ^71 £j*H, JL&n ^A>^ ^y^WJeol, JSM 6700) ^ 

(Jeol, JEM 200EX)^ 1W. 2 7fl^ v^sM^ #ojs. o^o^ 4 

-ft-^SM-i^ife ^-R-^ *<H^1 tfl^ 90S. 605.^ ^A>^ «J-^o.S. -%zj- 

o]^3i ^ flr*. o. 320^ tiflS. ^-tfl^r * 

67 ran* M-bMS**}. 
[Ji^^^W] 40 

^Alofl HA-] z]}^ #pfl 30mg^- 4.5cm^ xfl3.gr #*|- 
^ J^pfl ^2:^1 A>-g-tt A>-g-*H ^7}i 100sccm(*r^-g- 

«?}- 20313 %)* ^Bl^A] ^ 50O£4H 2Al^> ^r€^r # D fl # 

ofl ofl^sj- r^7}^ 200sccm (^r^^- 80 *113%)lr t-^^i 620JE<*IH 1 A 1 

# =£3^ (880mg)^l ^1S^V^4. 
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[^tfl^J-s.] q^&S. 41 

q-^^ife «1 olBj(N 2 BET) ^ AS. ^M-Sd-fr ^ ^ °lt 
(Dubinin)^ tJI^ 5. 1<*I] 33*r£i=K 

[iL^tfltf^l ^t^Jl 42 

^lstb M-^^ ^ * _n.§s|| ^a>^ # 

*r1i*13Ueol, JSM 6700) ^ (Jeol, JEM 200EX)3 

t\. ^-n-^" i-Hc^kfe 171)3 ^-fHS- ^S 551^ ^-n-^ ^3 

WS. ^z^J-^o] afl<gsVzL t^C^HI Columnar 

structured 2 7fl^ uj-i-sM^ ^ojg. o^o^ ^tft+ic^sKr ^ 4^ 

UL3*fl#W] q&i&SL 43 
[Ji^^l 33 
[jiL3 tfl-8- J 

320^> afls. ^-tfltb £*K£*133 2-M^» 2- 

^ 100 7fl» 4d3*H SHrtr * °lt ^S^M 
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300nn* ^ ^-SE^ul £ Sa&^k 

[Ji58tfl-*W1 ^^31 45 

^-71 ^AHl2^lAi m/^€ ^8=«1 5/5)^ °l-8-*M ^-ft^ 

q-^^ »l2:-§- #^30rag^r 4.5cm3 *l^d *J«8^ ^^t^^l ^, 

^12:^1 A}-g-^ *}-§-*H ^%7>^i 100sccm(^^r<3- 203)13 

4 A%7fc2i 200sccm (^^- < a- 50 *H^%)» ^*l430J&<^ 2a1?> «V 

-§-» ^^^M- -g-frtf 7^ ^=)*| &#*=h 

[Ji^tfl^^-] ^t^JE. 47 

^-71 ^11 2<^>H *flS* €/M^ 5/5^ ^#°fl* ^-*H£ 

#nfl30mg^ 4.5cm^ tfl^ ^<3^ f^-Sfofl %^T£± ^, #ffi 

Tfl^Al Af-g-*}- t^^I- *>-8-*H ^^<4 ^^-7>^i lOOsccmC^^ 20^^ 

%)-§- *e|^A-^ 4803£^-H 2Al:£ 0 J^^4 
^7>i 200sccm 20 ^^%)^r 720S.°fl>H 1*1 # ^-§- 
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[^tfl^s-] ^t^Jr 49 

30mg# 4.5cm^ xfl^ *M q<$&4\ ^, #*fl *0S*1 ^ 

St A>-g-*>oJ ^4 ^7>^ lOOsccmC^^ 20*113 %)^r ^Bj^M 

i 200sccm (*r^# 20 ^1^%)!- 680S.«*IM 1*1 # ^-g-* ^^-^o.^- 

[Ji^tfl-S-^H-l ^^J: 51 

l<2} ^Bfl^s ^o^-^la;^. ^ ^ffl» AR-^-o} #^30mg^r 4.5cm^ 

^2} «^ ^7>>i lOOsccmC^^ 20*fl3 %)* 700S.<*M 2*1 

^^V^cf- #t.fl #6)1 ofl^^ ^^-7}^ 200sccm (^-g-^ 

20 ^2^*1 ^^600H^]A-1 2*1# q-2r.^fe ^3*1 
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[Ji^tfl^-^.] ^I*^ 52 







N2 BET 5.^^ 


3-8-3 




d002 (nm) 


Lc(002)(nm) 


(m 2 /g) 


(nm) 




0.3360 


28 


84 


144 


•*i*H 2 


0.3364 


24 


124 


67 


til 5L oil 1 


0.3371 


10 


99 


185 


v)3Ld\] 2 










3 




















uijaoj] 5 











^1 s.o] 5-500 M-^]e^ ^g-i: 2 7fl2] 

^f". ^-^fl, 31*1-3)- ^l^fl ^ -§-§-°l 7>^>^ f 1+C1-7H ^ -fr^S* 
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(2) -a-fr^ol 5.5 ~ 550 nm, (3) <^^HWl(^*^°l/^-*H3 )?> 10 <=>1^" (3) ^ 
o.^ ^«.6H ^T-j-^ti «4 ^ <3#€ *M*I ^-fH& (4) 27fl^ 

I^tfl^s.] 2 

(Ni), (Co), ^(Mn) , ^a)w.^l(Mo)# ttS. ^>-g-^ ^Stt € ^ 

*}£r ^ . 

[^tfl^s.] 3 

[Ji^Ul 33 
[J±3^-§-J 
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0.5- 30 seem i^sj^r cc^=) -fr JE^SMS*! ^t 2 -^ 

l^j 27fl^ uj-^sfol^ ol^^l M-ic^-i- *flS*Kr ^ . 

-g-^ 0~25 SJJ^ %^ ^7}->i-I- A"|~g-«H <t*Je) ^r£^ >S*1 400:^H 
700£^ lg4]4M 2^H 12A]^; <I*je)*H A^o.^- Uj-lc^* ^2:^ W$ . 

C-a-^tflAj-^-s.] 5 
n±3tfl-§-] 

-fxr M€ / €^ ^£w]3. 0 / 1.0-0.8 / 0.2^ ^r&o) t ol-gj- 2fB/l, ##/€ 

^ #e)ti.^l/€^ ^-f S^^HlS. 0 / 1.0-0.8 / 0.2^ SAj ^ #^^r ^>-g-^ 
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[giSS] 0003 

IflieS!»] 2002.10.16 

[»S2| S3] 2 ?H°I U^WOim §2S oi^cxa a^^Uk^ XIISS 

[Bi-SSI S^SSl DUAL-CARBON NANOFIBER WITH TWO NAN0FIBERS 

[9§] ( 14ini!i 

[§^^2E] 1-2002-034011-1 

[&g£| S^SJI] Y00N.SE0NG HO 

[^SI^Ss] 590805-1109628 

305-805 

CHES^AI 152-1 ¥^1 OUft^ 108# 1402S 

i^m KR 

[«SS| S^S^I] JUNG, HAN Gl 

[^em^eds] 610928-1552519 

500-766 

[^] #^S^A| *p&2§ *?§Itt31»(WE 102§1708s 

[^3] KR 

imm mmm xii42££j asoii °iei mm, mm% nm^s\ ^mo\\ °i 

Piesss] 20 a 39,000 a 

PH*«SS] 1 3 3,400 S 

o a 0 9 

I^jAhS^g] 5 m 269,000 g 
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311,400 S 
^^IS (7O%2*0) 
93,420 €! 
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^£r, Ir^*} 97% ^l^S tMJ^M 9X1= #^^1 f!:^€*r^ sp2 s>o]ti.^ = 
(Hybridization) ^-^^ ^€* r ^ (Carbon hexagonal plane)^ ^f-^S. 

^4 -ft-A>^ , ^^^^^jos. «^§^ ^^^^ 7^7} 

0.3360 M-^]^ vfl^l^- 0.3700 3.7)7} ^dbtb 4 

^ 1.5 M-^l^ ) *]^, <*l]^Htfl (Aspect ratio: ^-frQ*)/^^)?} 10°W& 

-g-fr^ ^-fH^^I 5|^l7> 5 M-ii^Bl o}^ 500 M-^l^ (nm) 

^-fH£ 14^^ 2 7fl7> ^-fr^ <3*K>3 £ ^ ^€ 4°ls.^(^^ 3*11 

$°)^. <3^f€ ^-fMfr «iL3>l 2 7fl^ ^-^-7> <S^JL3. 

^ A] 1 7 fl3 ^^^71- 2 7flS ^eJ^M ^3^-5. ^-fr» ^ , ^^\^ 

£ 1 
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27fl£|. L|t4°l^ o]=-<^^) ^^-^-uj-i^E]-^ ^1^^ {DUAL-CARBON NANOFIBER WITH TW 

NANOFIBERS} 

-Ml 

It ^ 7>i *i#7fl, e1# 2 *> ^7fl ^ SL^fl, JL-g-^ #7l 2 71)^1^ 

^1 *S-°-3- ^\-%-^°]^. *r SItt, ^€*r 97% ^l^S. #^3>1 ^-^^ 

sp2 *H:* ^(Hybridization) ^t^-S ^€ ^^^^ (Carbon hexagonal plane)^ 3 

-frA}^ ^p-s» *M^i ^^3)^^^.^ ^^r^Tg^ 
7lE)7 r 0.3360 M-^l^l 0.3700 3.717} s^tt 4 

^o}^- ^ 1.5 uj-icPlE] ) o)#& ^q^, ^l^SW] (Aspect ratio: ^HH^l/^-fr^ )7> 10 
^-fr^J-a- M-B}-^ 1 ^ , ^-B-^^l 5q-i^i]E} 500 ^±v]B\ (nra) 



:^^)063641 2003/10/25 

<£^€ *14*1 ^27flSl #o_s ^l^^ ^-fr#4i^hi^ afi^lH 

^rtb ?H4. 

^-n-^" 4i^£. (Filamentous nano-carbon>, 4i^4 0 l*l (Carbon nanofiber or 

Graphite nanofiber) ^q-2r:#J± ^ °l-g-^ *11^H1 *8Hfe 4*r^ ^ofl 

# 3E^r ^ Sfe 4^^ A>-g-«M 540 £ vflx] 800 £^ ^JE<*(H 

#1 ^-fH ^°17> 1 4=L5.4el q^sfr <gi==. ^-Qr ig&-s}<%tt; n)^^ 

4,565,683) ^ 4^ SH^^r tHIHM^ tWW^i ^KHyper ion Catalytic 
International Inc.) ^ 4*r4 (°fl* «^ ^Pfl#^F^62-500943) <*1H 4# 

^4^11 ^ 4ii4-o]tf|ofl M-fr^- »^SLS. 3g^o.s tifl^H 

^fl^-°fl ^4 ^(^f-U^ z)^ 5 4^4^)* 44 #^4 8 15 

# ^£3. 4^4*1 ^°-7§ 10 44^r 15 4^44* 44^ ^4i4-^«-fl: 4 &4. 
atr 4^4 Bflol^ ^ 5.^711^ -f-^r 4€, 2fB ^4 ^S. A>-§--sH 500 £ 
<*)H 700 £ 44^ £r3E°fM t£:§Hr^» S^^M 50 □ 800 m2/g4 ^4^44 
*\ t£ n. *\]2i^Sr ^Stb 4 $14. -^4 -g- ^ ^-£.4 ^444 *1 ^-5] 3- 4^-4 3. 
2=4>tt^ *1 ^s. ^, s^-B, 4*14 €4^r *fl4*r ^-^Dfll- A]~g-*>4 °1» l^fl^- 
SLS,^ >9-B-^-^ 4^^ ^ 4^4^4°144 ^* r 4 ^Xt!: 4&4- (Boehm, Carbon, 
11, 583 (1973), H.Murayama.T.Maeda, Nature, 245 '791 'Rodriguez, N.M. 1993. /. Mater. Res. 

8: 3233) ). 
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> ^^7l(NEC)^ °H*M *l7> ^M-^ti- ^ =L *\}^~§r ^-S^ S.Iijima, 
Nature, 354, 56 (1991), S. Iijima, M^i^r«-» tb ^ 

i|^£S ^€ *r SU^, M-i^f-*^ aJ^o] o.7~5 M-i^l&i tff^i^M.^ ^tt 

^o] 2.5-50 M^l^ ^JE» ^lM^L flfe 3-2-3- Si*}. 

^<>|) tfl^H ^ A >» *M^- 5^ ^ (^l^^-S ^h8r ^l^^-T-S, Rodriguez, 

N.M. 1993. J. Mater. Res. 8: 3233))^ >§-B-^ ^a.oj] q-^jasq. £ 

^ M-Bl-tflxl ^ 3}^ ^-^ ojg. ^ o^cj. ^ q-v^^ 

-§-, <« «^ £S (ITO tflSfl Sig.) ^ ^-^flS^iL, M" 

tS ^ e) Tfl^*] 7> i+ic^ol^s- o}.g.^ 40-63 %^ ^» ^tb^ ^°]^^ ^ 
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4§ ^45|o.x+ (ofl-g- *^ 4^-^ 6,159,538) 4^4 *4 ^cfl 4*fl 

zfl^ol $14. ^ 4^" <*H44^ iLJL^ ; Herringbone 

4^401^4 %^^r^r ol-g-tb ^^r^tr^'i'll ; DOE Report, IEA Task 12: Metal Hidride 
and carbon for Hydrogen Storage 2001, Project No. C-3 □ Leader: Richard Chahine 
(Canada), Assessment of Hydrogen Storage on Different Carbons) ^z.^14, -#714 g.5LA\ ^ 

7] 44 fe^-^A-li -fi-A}^ 4M ^#4 $M3tHI 4*fl 10 *fl7}4^ °1#4 JL^r 

<HH <t^» ^-r-, €^4^4°147r §^1H] 4*fl 2 wfl°l#^ ^r^» ^ Sfe 

$^ ^J-Sr iJLS|31 (^1* R. Stroebel et al. J. Power Sources, 84, 

(1999), 221). o]fi 4^4^40-^4 :n<?HH4 *^-o]^ 44 «^44 8>:s 

$14. ^4, Sl-f- o^^o] «-^|), <£S.*I44 ^-71^1^ o} 

<io> 27114 4^4°14 0 l-¥-<H*l ^-5Hr4^^4 ^31 ^ ^ 

<ll> £^ 1^2 ^431 1 °114 4^4^ j7^.-gfl^A>^ £4 

1i43 ^ ^4^4^433 44^014. 44^ 44 *H^tr 2 7fl4 

4^40]^ fog. ol^^l ^#4^4^ 4-#^ 4\i tefl°l^B 2 

7 flo] 4^011317} A ]J*4 #0.5. e^^H ^SHS 1 7H^I 4^4444 ^Hfl* 

^14JL $1^ ^ $14. 2 7fl4 4^34-0]^^ Aj-^eq ^ ^ 4olS.?> 

^.ofl <q*B 4^. ^-f^* gJoL ^€ tr7fl4 4^0]^^ ^Bfl^ ^]u)57 $14. 2 ^] 4 

4\+ 44 £o] 2 7fl4 ^-n-^ ^-^ iflx]^ ^4*§e|H 4*fl ^ tfl 

^^a* 443i $1^ ^ $14. -£4°*! 1 °fl 2 7fls) 4^444 



^^3063641 #3 2003/10/25 

Ol^^l ^-fi-W^^fe ^ 100-200 V+icDlB]^ <$^-*r *}^3L $X£-*\, ^ * 
<I^|El^ol£ ^%Z^^ ^7l^7> 0.3363 4^1^ fe-^r ^T^* £ 

^ SE^b ^ 2 ^ ^3)-^ #*HJ*13 ^ ^o] rj-^ 

(Edge planes)^ ^l\d ^ uj-ic^-o] ^ <y ^- <£ ^ 

12> i6\] q-E}-^ ^1, 27fl^ q-iisM^ f AS ol^-<H^l ^-B-^-M-i^^:^^ ^ 

31 &<H, ^s.^ °ja., aM, 4^*1)3 -§-§-°l tRt^M, 

^. oi-g-^t 4& 0 flcq eH-o]^.^]^ ^ 7 fl, ^7lo]^ fflsHB^ ^^fl^o] xy&o) 

<13> 27fl^l i^^M*! ^l^^l *fl2:«<Hi 

<14> ^7) 2) 2 7fl3] M-ii5if-ol^ #0.3. o^e^ ^-fH£ ^ic^TT 7l^ l^ic^^fl^ 

^ afla^ ^ ^^7l^* 7l#tb^. 
<15> QjtiV*} #*fl%^<>] 5^ ^* #*fl$H ^r-t>^ ^JlJL^r ^^1- 

oj^-ufl^^ ^ i«3.€^ Ufli^}^ 7^ ^ o)^ja^ 
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<*t ^*Hr ^S^^aL 544. W 

nmt #Bfl^ ^is. A r -g-«H q-ic^» Xls^ , ^ti>^^.s. <U?$o) 100 ^13. 

<>1#3 #*fl» ^-fMJ- ^S-^Bl ^SH*) ^^vaj^i -g..g.oj) a>^-s|<>1^ ^ 

514. IH^I^ *H^fe £#4MH ^1^> ^ej^uj-, 2800 £ 1*)bH 3*fl A7\ 

#^^M: *H-«H ^dLq-^ol^ ^ ^*+i^f-JEL» aflSSHr ^-£r 4^-2- 

^^o a ^SrcJeJ-s. #*fl7> SX^-^-S. 48#£|fe &±.^Sc.s\-°\v\ ^ ft 

£r51 #71^ 7>^ofl 5fE 

^ #Bl«3M: ^^MH ^ *Hl<a*r3 ^^-g- *>-§-*H *H^& ^ , °1« 

*1£-<M ^^^3 ^715. €# D fl7l- 5-500 3.7] 

sL 1 AflZL^»lo]Ai SjJE^- -B-S.^- xrfl ; sg-^iLS. 6 3:3 € ^^7:>7> #-§-71-^3 

4. ^*S^.s. ^e^ 0 ? ^#*Rr #3l#3 «a*Kb3 ^ <£Jf ^^s)^- 34- 

o] 3.?>£.<>f| 3^fl ^zf-sM o]s^^ ojo.q. #-Jl^>3 #^*>ai *m-3 fhiM- 

3"§-*Hr ^^r ^3^4. °1 ^ + , 4^, S^rH ^ ^r-S-^S^^ 

^q^j o>^ ^.^o. ^ojxV3 *e| (First Segregation) a] ^ 
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€ ^ ^ ^ ^r8r, ffHlf 0.5 °l-# (^/^^ < 1)^ ^-f , 1*> Si 



A}-g-*H ^-f, *d*l €4 -2--M1 ^ jHMN 7>7>-gr ^-^r -fi- 

<*l ^^w]^ *r-§-^"-§- -8>MH HH&^M ^ , $*L°1 ^fl^l ^-2-^-#-*>°l^- 

v} 7 ) 50 5L ^5L$\ #^5L 2 5) ofl ^ <£^L 1 2) ^13^ ^, ^#3b7]» A>-§-^ 

805L<>fM Al^V #3±1s}<%^. TdS^r ^#-§-* ^3^§ 7}1Sf ^>-g-*H 

^#1 400 2-10 #5^*1 2} ^sHi-^- ^lS^h 

#^ c)-Al 7}fSf *>-g-*H ! ^^%oi]A-l 40313%, Jit* f>^*>7l^ 5 313% 

30 313% 4 £« Sfe «<>1 71-if A}-g-zj}a} ^ 4502E <>]^r 550 

i °1*> iLt} ia>^-3i^.7l^ ^#1 450 £ <>1^- 510 £ ^rS^H 30 ^r^l^ 12 

# ^r^M #nfl# ^Stb^. ^ #*fl^r ^ 3-» #-8:°- 

3. ^3"^; ^ 1~5 313 %^4 ^^7> £^ «-7}^2] -g^^HH 30 ^ 

o]Aj- ^aK^S^ ^^Vs)-)*^* *8tt ^ ^>-§-t!:4. 



7> 



o] ^.f >s^s|^ i^4;t3Mtt)oj vitiis 80 M-^IbI ol-s}^ \^b)7\ wlii3 3-3. 5- 
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v);§ 10/0-1/9, ^ «>^-*| *>7l^ 9/1-2/8^ ^t}. £4] ^-fi~ir°l f'^ftS. 50% 

2] ^S^€ 2 7l|S] M-it^olBl #0.3. 0]^^, ^-fr^i^^o} ^-B-^i«l7> 100 

iiTJlBj °1#°H ^^^1 #.2A+ 27fl51 t+^O]^ >5g-O.S. ^ ^-R"# l+lc^dfcfc *0 

2:7} 7>%^-. 

8> ^-0-^-0} 20% Tg^-oflc 2 Tfl^-v+ii^olwl <#-2-S. °1^<H*1 ^-ft-^^^ 

^ aflsfe- 7>^i^ ^12 *m ^-5>s)^ ^^is #t*. 7fl2€ 

^^ti} £ ^ 450 ~510i, 30&~12X\#2\ $$17} «}^*| *}t}. 

19> ^^r£7> 450 £ ol^ol^m- ^A]7iol 30 ^^<L3- *&*| 

^}a| ^pfl 7 } ^ M-Bl-vfjxl gr^l* ^] ^"Sr t+E}^ , ^-^£7> 510 

£ o)^ ZL^O}^ 12Al^>ol^-ol ^*-6\)x] l*}2jO_3. ^L^ofl 1 *} Afl^7fl 0 l^ 

Q nl^^7> CfA] -S-^Sl^- ^^flS. 2 7fl^ U}^ 

s^o]^ #o_3. olfo]7j ^^H&M-i^M a^^o] ^- 7 p=^}u}. 

:20> Wl^ct) ^Jf^ ^#Pfl-i- ^S§*l]^ ^ 1- 

BflolH JLSTfl ^>A]7l7luf- ^ 71^-^ ^>-§-S.^ ^, ^^^^ *r 

±o] ft7}it #*fl 1 ^Bj ^ # 0.5-30 seem S^Itt cc^), «>^^7lfe 

1-10 seem* ^^^m 2 Tfl^l M-i^M^ #0.3. ^-fr-tf 

7)12:^^. °1 "fl ^ 
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7 }X6\)*\ 20-80 *H3 %7> *V**l*M. 1^ ^rS-fe 500 700 S.7\ 

^E) 2 £o)H 12 u>^*>7lfe- 20^H 4*1 ^^arj-tf 

. ^ <£*H«*H SA]tb w>sf ^ #x>B l ^el <i=4i*tf 20%^ £ 

^7>^» 3.3sccm 5L<^M 2 X|*t ^ % ^ 3£*H W #*fl Wfl 

tfl^fl M-ii^7> 4 120 JL^r-irS ^2:^ ?H 7}^}^^, 8 ^1?> 1> 

-§-<*H^ 2*Wt ^ 3wfl ^#5. 27fl^ uj-^ol^ j=L °l^f-<H*l ^^HKf-^^i 

^ ^-xgofl cq*H aJa^ 2 7fl*9 uj-ii^-o]^ ^0.3. o^o^ ^-n-^-M"^^ 
^<>1 ?i!3^H eJ^z|^^ tifl ^ol -*3-fH§r^ « 0 V^6fl 3^ 90-45 5^ ^5L£- tifl<t^t 
S » ^tfl^q-. zisiM- ti>^-g;£7} >g*l 700 £ Ji4 -2-^^ ^-Hr ^ 27fl^ 

Aj^l^o.^, ^-g-^7} 500 £ ^l^H^r ±ft£\ 2 7^B\ uh^oltf) ^o_S. 

o)l £tf ^, ^S^hM" *r4^ ^7>i:» ^r*fl 1 ZL^ # 0.5-30 

seem cc ^) ^ «>^^V7l^ 1-10 sccm^ S^V^i 
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o] ufl ^7}^^ 0~25 $m %7\ titft*\H\r^ , 1^1^ ^rS^ 500 

£4M 700 £, v\^2\-s}7]±= 3-f<*f|*r 5602£<>lH 650517}, % 

31 ^ ^^MItt ^ 540S.<*IH 630J£7> «>^*>c|-. 

^ *»m ^r^Kr i ^^-s 

ajog ^-z^M^l ^Bfls. ^^*>7fl ^rf. ZL^q-, ^ £r5L ^ ^*1^ #-§-£5.7} 650 
o^o] Afl^L^Tflol^ S)^ t^s} <£*\7\ t}A] ^£)cH *\*\ 

^-n-^" ^ ^-fr3<>l 80 4^]^ oI^-cljl ^r}. ZL^SS. ^^l 

U)«^ € nrfls A>.g-^i4 £4b-8- ^ri: °l-§-*H ^4 l*} 

^ Altl * (2) ^^^H I7fl^| % *M| ^A>7> 27flS. ^ ^ *M 2 

^^7} QTtfVn 5Efe 3}.ols.7>^-^ Q-fr^ 5-500 ^i^l^ 2 7fl 

i^ig^ A], ^ ^flafl tiV-g-7^3} <^b} Al^hfr 2 12 

^m, S.^ *}^*}7l^ 2 A]:£olH 4 Al^Vo] ^^r^. ^ <£^H -*Ja]6)H^ ^*1^ 
^o] ^pfl i ^ej ^^ < y- 20%£| ^AVsj-^s}^ ^^-7>^# 3.3sccm 5/8 *H 1 

^: , ^ 4^-4-, ^ i ?Hl 45^7} 4 ufl 

^o.6() 120 yfl *fl2:«Hr ?H 7>*^5a^, 8Am #3-<*H 3A13: 

tiV-g-^ o^yfl o]^ ^^-s. 2 7fl^ M-^sH^ ^l^-^^l ^Wt^t 4s*V^ 

$5- 7W^%t±. 
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#^ H*}: 2003/10/25 



^ 5~500 M-^]^ ^ ^'S^t *Ha. S4-°^5L, 1:^^ 5L#*fl, 

^■7B ^ 5L3l7fl, ^7lo]^ <as.^] ^ #^31, M-B 

Hj-g-*, ^-7] ^7fl, Bfl^^l^ tfl^«^l^l -§-6fl o} -§.5:7} 7ltfl^t)-. 

28> ^Alofl 1 

: 29 > ^ v^-lc.^* ^2:^-71 tj-^-^ *m%^. €^fl» °l-§-*H 2 7fl^ 

(§£ 1 &, Iron(ni) nitrate nonahydrate Fe(N0 3 ) 3 - 9H 2 0 = 404.00 (99%, Wako) , mp 
35-40-0, d 1.684, sol in water, ethanol, acetone) 36 =L^t* -§-*flAm %&o) 

-£--5}°} °1H Ol^ 1^-, Ammonium hydrocarbonate; NH4HC03, ir^H^r 
^7>A]^r4. ^Ifr €^ ^K^HB* <*)4*H ^ 3* ^fr^S- 2 , <^m* 

3. 1 5j ^^^H^^r^iHB* >fl7ltr ^ ^ £S7H>H 80 

£# Jfrx}-s}v$ 8 ^2:^^. ^3*8: ^I^H ^(^Ix^-x^M 

=10x2. 5x1. 5/mm(^&) W« ^ 4.5cm ^ ifl^* ^^^=L o]-.^^ ^3.^ 

f^Hl ^31 ^-71 ♦ 100 seem 4005L°)H 5*12: ^s^e^H %Q A 

2^4- ^sHI-i- S-xfl^l ^tfljsL § ^ 30 W ^7}» -ff*R> ^ «^ 
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• 



# 



1063641 



<&A- 2003/10/25 



^7}^ lOOsccm AV-g-^-c^ : 20%)500H<^1^ 20 «r^3» ^§«H € 

5.02 H% ^ S^^-. ^Stb ^nfl^ U^>7l *fl7l4H ^^.S. 

i^XI ^ 5 %^ <*hfcS «-£-^-7>i lOOsccm^: 30^r^> (5.^^ 

K> ^"71 ^flStt ^fl 30mg * 4.5cm Q tfl^ *J<83^1 *H 

3-X] A>-g-^ ^xgs.s- A}-g-^H ^^.sj- ^^-7>i lOOsccmC^^^ 20 313 %)% ^ 

T&*\ ^ 5oos<fl>i 2*m w-s^. ^-shi 

7>i 200sccm 20 620 l^m *8*H (721 

3i> aflS^b 27fl^ i4ic3^o]^ 4$-o_3- ^-fHM-i^dii 90mgoll 10mg^ 5.^ 

^7}^j- ^ ^ 7 ]-^-A>41 ^ ^l^^i ^^^l (Rigaku Geigerflex H (CuK a f&, 40KV, 

30mA, ))» A V-§-^H 5° <M 90° 7>*1^ ^Kn.,^ 

1983 id)* ^#7^ (do 02 )^ 3.71 (Lc002)» S. 1 

oil q-E}-tfl534. 3^ ^ ^ olB)(N2 BED^^S. f-^^i^r ^ ^ °1» <M<>HH *1(MJH) 
7fl#tb til^^^r «a] a lofl ^El*VSi^. 

<32> 
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2003/10/25 



27fl^ 4^ol^ 6\^d\£ ^^1+^^ % ^-n-^^» ^SH, 

«d -a>^ ^«Pl^(Jeol. JSM 6700) « ^% %A 'MSUeol. JEM 200EX)^ * 

HMM «fl*H 90 5L ^fl*l 60 5^ **^S. 3r 

Z^^ol Hfl^^ZL «5flolS5lB ^tt 2 £o] *|S 2 7fl^ ^-i^-o^ #o. 

5L o!-^^ ^-frtfi+i^-Si* ol^-Jl Xte* £ ^ 5d4. ^tt ^3 320 *Ml3. «WI 

* * °lt <«<H *W5ft^. 144 m ^ 

;3 > ^-f}-^ t§Bfl» i+i^iflfe ^^H*! (Aspect ratio)^ 20 ^l^* Q 4 s °}9X^. 
!4> -*3*H] 2 

^ u)^(€/^l^ 5/5) ^ ^ #vR« °l-g-*H ^-ff# *}^-%- #*fl» 

y$2&7) ^«fl 4-a^>^ ll-SM 1 1&, Iron(m) nitrate nonahydrate Fe(N0 3 ) 3 - 9H 2 0 

= 404.00 (99%, Wako) , mp 35~40'C , d 1.684, sol in water, ethanol, acetone) 18. 
s%3L*}A ^^(Nickel (TJ) nitrate hexahydrate Ni(N0 3 ) 2 - 6H 2 0 = 290.79 (98%, Wako), 
mp 56. TC, d 2.05, bp 137, sol in 0.4 part water, in alcohol, Ni content 20.19% (Nickel 
Ni = 58.71) 12. 9g * 200ml %7}f>\*\ -§-^1*1 W-M-M- 

o] = S.^vilo] S (a]o^ J ^ Ammonium hydrocarbonate; NH4HC03, ^H^HD* $7}*]%^. 

€-4^ *KB.i4MH» c^^H * 3* ^^S. 2*1, oflBBriiL 13 *fl3*r 

^ <y-a.tJJ-g-§>ol^.s.n^-^ 0 lH« * ^ £S7l°lM 80 IE* 8 
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*m «^5!iq-. $3** q**^ iLH(z3<>lx^x a°l=10x2.5xl.5/mm( ^&))*ti 

4.5cm 3 ifl^-g: °1^<H*1 ^jsl^ ^?H| ^31 *7l» 100 seem 

400 £4H 5 Al^V #3^Bl*M ^I^Sft^. 

A}-g.*H ^ : 20%)500 5=4H 20 *8*M 5/5) # 

4.9 ZL^- ^]^5|tq-. #pH^ ^ofl^ i^>7l W €rfl7H>l 

3. ^^M?! ^ 5 »S? ^^tt ^#^^"7}^ lOOsccm ^ 30 ^r^^-CS^ 

#*fl 30mg^r 4.5cm 51 **HMI #3"^ #"fl *A 

2- A] A}^-tb ^S.lr A}-g-€M 4^04. ^7>i lOOsccmC^-g-^ 20 *113 ft)* *e] 
^ q#] 2^m WSI^. «r€H> 

7}+ 200sccm (^d^tf 20 6001E4H 1*1 # lfr*» (445 

»l3^b -S*# M-^^ 90mg<*ll lOmg^l ^3^* ^7>tb Bl7}^A>*H 
3^*1 (Rigaku Geigerflex ECCuK a B, 40KV, 30mA, Stepwise Method))* 
<*j 5° <HH 90° 3<g* ^°^> s^-id* ^Sfca. ^ 3^-3* ^^^(S-S-^-M 

^7liL * *]. o._ ^^tfl^^A>, ^3, 1983\i)* °1**H ^^^^ ^#71 

e| (d002)4 371 (Lc002)» i 1 41 v+Hfifljac].. «1 <=>1 ^ (N2 BET)^ 

o_g_ ^frai-g* ^ ^ o]l- ^-til\i (Dubinin)^ Tfl^ «1X^3* 3*1 5. 1 ^ ^3*1- 
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%^ Qx}: 2003/10/25 



*UW"l3(Jeol, JSM 6700) ^ ^l^Oeol, JEM 200EX) 

^ n^<8A. ^l^tt 27fl^ vJ-i^H^ *8-°_S. ^l^^l ^^M-^^ 1 * 

W tfl*H go £ 60 5=3 ^A>^ i#^o.3. ^3 *=Wiiol *m*t5L $X±t . 

<y- ^ o^rf. ^-a- ^ 320 ^ *fl3 sj-tfltb ¥4^ #*r€*1^3 

# ol-g-^H 2.M^ #3 100 7fl« 4i3*H 3^ ^8*H * °1» ^ 

^*1-S!l^. ^-B-^ ^-B" ^ ^ 67nm ^vfl^. 

59> til 32^] 1 

to • 1 <M ^tfr 30mg 4.5cm 3 ifl^^g- f^^l 

^ D fl A>-g-tb ^^-» A>-§-^>^ 4=^3. ^7}^ lOOsccm^^^ 20 

500 2 Al^> «r^^el» *3*r5W. €-«^r ^ D fl ^ 

3 ^7>^ 200sccm (^^ o 0- 80 *0*|%)* 6203E.4H 1*12: 

s) (880mg)3 ^-9r^r aQ^rSm. 
:4i> uj-^^fe ^ tilo]^(N2 BED^^S. ^r^Hd-ir ^tb * °1» 

C42> Ajo.^- l^lgh^ 2:^ £ ^J-B-^Efl* ^7] , ^}*§ ^^^^ 

(Jeol, JSM 6700) ^ (Jeol , JEM 200EX)3 &%^r *l2tb -S-fr 

* M-i^rife- 1 7fl3 Aj o.^- tM3*M $1-^ ^3 33" 

z^^l «fl<t*K2- 5^ T^CtKI -p"2: , Columnar structure)^ 2 7fl3 ^On^M^ -#o_3. 
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<£A- 2003/10/25 



3* 3*3* ^ 185 nm » ^xfl^. *W 3-fr3*l 300nm«r ^ 



15> ^-71 ^a]^ 2 olH 312:^: ^/q^ 5/5)^ ^#^» o)^ 6 * ^-n-^" 

^ *,) S _g. ^pfl30mg* 4.5cm^ #^tt #"fl ^1^1 A >-§"t!r 

4^3.* A>-g-3M ^s}- ^§-3} ^^-7>i lOOsccm^^^ 20313 %)* 480£^ 
^ 2Al^> «r^^el# ^VSt 1 ^. ^r D fl -SMI °H€^4 ^7>^ 200sccm 

# 50 ^2^*1 3*1 4305LO1H 2*)l± ^» «9^^ 3-fH£ M^4^r ^ 

46> WlJL^] 3 

■A7> $-7] <g*H 2 °1H ^2:^: *3/q*fi 5/5 3 W#*fl» 3-fHJ" 

^ afls-g- #x.fl 30mg^r 4.5cm^ *M 3<3^ #3"^ ^, ^1^1 

ft- ^}-§-*H ^sj- ^^-7}^ lOOsccmC^r^U 20 313 48051 

oflAi 2Al^ ^}^. ^ 3^]. **7>^ 200sccm ( 

20 313%)» ttH^ 3*1 7205LO1H iX\& aV-§-* *§?>}<*\ (80mg)^ M-t 

<48> H] 4 



=4> 



ti] 51^1 2 



^^)063641 #^ ^*> : 2003/10/25 

9> $7) i ojj^l ^1S*V % 0 l-8-«H ^-fH£ M-i^^ *\)3±-%- #*fl 30mg -i: 

4.5cra 3 tfl^^r ^<3^ ^1^1 4^3.* a}-§-*>^ 

^isf ^<ij ^7}^ 100sccm(*r 20 *03 %)-§- 4^*3*1 400 5.<M 2 *m 

» ^r€tb -SH ^^rs)-^:^^- ^^7>^ 200sccm (^r^^ 20 *f|^%)» 

50> ti]3E<sfl 5 

5i> >§a]o}1 1^ ^Dfl^l^ w]-^ € *MI* *MJ-*M ^r D fl 30mg^r 4.5cm^ ifl^-ir 

ig-7}i 100sccm(^^^ 20 %)* 700 £.<%tf 2*}?} ^-M^* ^SH**. 

^j. #6fl 6)1^^13}- ^ 7 >^ 200sccm 20 *fl*i%)» 600 £ 







N2 BET 5.^3 






d002 (run) 


Lc(002)(nm) 


(m 2 /g) 


(nm) 


1 


0.3360 


28 


84 


144 


-§a<*H 2 


0.3364 


24 


124 


67 


W)5L«fl 1 


0.3371 


10 


99 


185 












a^} 3 










W]5L«fl 4 










tilJL«Hl 5 
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s-o] 5-500 i^-i^E^ o|^g, ^ 27fl<q M-^sj-o]^ ol^^, ^ o.^. 

_g_ o1 7}^-^, M-°>7H ^ ^m^-S-g-Sl ^ B^l-^^r^l ^ ^-g- 
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^^)063641 *^ ^*> : 2003/10/25 

= o]:x) 3^ jpgog ^ ^-B-^ XW, ^-fr^l 97^% (2) 

5.5 - 550 nm, (3) ^|^H«](^-B-^^l/^^)7> 1<H# (3) 

^ <£^r€ ^-fe *H*I ^ -3-fH& (4) 27fl^ ^ i4^°l«1 #£-3. ©l^M^l ^ 

2] 

sg^- 1^ qjfrq- q-ic^^ *i|2:3RH>H, ^(Fe)-fr ^^-§- M^(Ni), 3* 

H (Co), ^#(Mn) , #^w.€(Mo)^: £r#-§- ^3. A}-g--3H € ^ €^ 2 7fl 

Wtt 3] 

<^^^ A}^}oj, ^-tVsj-^i}- ^7>i:» <M l^e} ZL^ ^ 0.5- 30 seem (-g^ 

SL^^r cc^) * H^§>^ <a^Ai^ ^e)* tg*H ^t 1 * l ^ 2 7fl^ #-2. 
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^^)063641 #3 2003/10/25 

4] 

0-25 313 %^ ^7}-^» A}-g--s:>^ 500 700^ 13^ 2&<% 
5] 

/€£] #^15- 0/ 1.0-0.8/0.2^1 °1*> 2fH/t, ##/€ ^ -i-^iLW^ 

^o. 2.^^15. o / 1.0-0.8 / 0.2 ^ ^ l-^-i- ^}-g-*Rr HHL 



25-23 
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